The infiltration with atmospheric pressure of Dense Non Aqueous Phase Liquid (DNAPL) in a model of porous medium saturated by another liquid is studied when this DNAPL liquid has a contact angle characterizing wetting liquid. The model of the porous medium considered consists of an assembly of solid particles for various forms. The influence of the shape of the particles is studied. The results found show the retention capacity of such porous media in function of the shape of the solid particles.
Introduction
Multiphase flows in porous media involving immiscible fluids always interest scientists in terms of applied and fundamental point of view. For example, the transport of immiscible fluid with water known as NAPL (Non Aqueous Phase Liquid) is encountered in geomaterials, processes of remediation of the grounds, biofilters employed in waste water treatment, etc. These flows are complex and often unknown because of the large number of physical parameters involved to describe their properties. At the present time, influence of parameters as density, viscosity or nterfacial tension on the infiltration of NAPL into porous media is much studied by several authors [1] [2] [3] [4] [5] [6] . Most of these studies are realized at a macroscopic scale. This macroscopic approach does not make it possible to understand the retention of small drops of DNAPL (Dense Non Aqueous Phase Liquid) in the pores of the medium. However, few studies carried out at the scale of the interstices showed the dispersion of the DNAPL as well in experiments and in numerical simulation [7] [8] [9] .
In this work, we highlight the influence of a parameter which is poorly studied-geometry of the solid particles of porous media-on the infiltration and the dispersion of a drop of DNAPL. Numerical simulation is carried out for various shapes of the solid particles.
Problem Position
The fluids used in this study are water (carrier fluid) and the DNAPL (the drop). The density and the viscosity of water are of 998 kg·m -3 and 1 × 10 -3 Pa·s. Those of the DNAPL are respectively equal to 1623 kg·m -3 and 0.89 Pa·s. As an example, Perchlorethylen (PCE) possesses similar properties (INERIS, 2002) . A contact angle of 65˚ is imposed in order to consider a wetting DNAPL because most DNAPL's being in nature are wetting. Figure 1 presents one of the three structures of porous medium used. This porous medium is represented by a periodic assemblage of similar and non deformable solid particles. The circle outside the medium represents a drop of DNAPL at the initial time. It is injected without initial velocity within the carrying fluid which is at rest. Under the effect of gravity the dense drop infiltrates downward through the porous medium. The domain of calculation is rectangular. Its dimensions relative to the radius R of a solid particle are 12.5 × 18.1 and it is composed of 3 zones. From top to bottom, zone1 contains the drop at t = 0, zone 2 contains the porous medium composed by 64 particles, zone 3 contains the wall of the bottom which is used to recover the infiltrated DNAPL. The shape of a solid particle is described by the following equation which enables us to pass from the circular form to the almost square form by increasing the value of the parameter m:
In this paper, we present three models of periodic porous media which differ by the form of the solid particles by varying m: m = 1 (circle), m = 2 and m→∞ (square). In order to conserve the same porosity (0.36), we vary the side of the square mesh (see Figure 2 ) while preserving R constant.
The gap between two particles is equal to 0.125 cm.
In this study, we use a numerical simulation based on VOF model (Volume of Fluid) [10] . When solving the Navier-Stokes equation for each fluid, these two authors introduced the definition of the volume fraction  of the immiscible fluids (1 and 2) into the mesh. The volume fraction is equal to 0 in fluid 1, equal to 1 in fluid 2 or between 0 and 1 within the interface of the fluids. Here fluid 1 is the main fluid. The volume fraction in a point of velocity on the interface is controlled by the following equation:
Equation of Navier Stokes for each fluid is given by the following expression:
where P i is the pressure in the fluid i. The operators  and T  represent the gradient tensor and the transpose gradient tensor. The resolution of these equations has been realized by a computational fluid dynamics package (COMSOL Multiphysics). The solution takes into account the behaviour on the interface represented by Equation (2) and the boundary conditions that are: adherence on all the solid surfaces and a pressure constant on the fluid surface. The validation of the results has been conducted by comparison with experiments.
Results and Discussion
Before presenting the results for infiltration of DNAPL in various models of porous media, we proceeded to validate the computational code. Thus Figure 3 compare experimental results realized in LGCGM with numerical results obtained by VOF Model. The experiments concern the infiltration of a drop in a porous medium formed by glass cylinders. Despite the three dimensional drop, the experimental results are in good agreement with numerical ones. These results confirm the validity of the numerical calculation. Figure 4 shows the infiltration of a drop into each of the models presented in Figure 2 . The results are presented in function of time. For generalization, time can be normalized by the time of settling of the drop in an infinite static continuous flow field. The settling velocity found by [12, 13] is: , the reference time is thus t 0 = d/U d∞ = 0.24 s.
The infiltration of DNAPL in porous medium is complex even if the medium of Figure 4 is perfectly periodic. Thus, Figure 4 illustrates that the injected drop spreads out horizontally immediately before infiltrating vertically into the porous medium.The drop tries to maintain its surface constant but the more deeply it infiltrates, the more it is divided into several droplets. By comparing the infiltration in these three models, we note that when m increases, division of the principal drop onto droplets is more important. The position of these droplets retained in the medium is not predicable. However, the infiltration of DNAPL in the medium formed by square particle, presents less dispersion relatively to the medium formed by circular particles.
The specific surface (surface of the solid particles per unit of volume of porous material) is related to the porosity n by the following equations:
For the same porosity, the specific surface for the square is twice the specific surface in the case of circles. It's a part of explanation of the greatest retention observed for the square particles. Figure 5 explains the mechanism of retention of the droplets in contact with two solid particles of a horizontal row. We note that surface of the liquid/solid contact increases with increasing the parameter m. This surface is minimum for the case where the solid particles are circles. The more surface of the liquid/solid contact increases, the more adherence on the area of this contact increases. This explains why the drops are retained between the solid particles with increasingly large volume as m increases.
In Figure 5 we have presented the contact forces and their direction taking into account that the drop is composed by a wetting fluid. In this condition, the contact forces are opposed to the apparent weight. Thus the vertical components of these contact forces are responsible to the retention when their sum is greater than the apparent weight. Due to the solid surface inclination, the vertical components are greater for the square compared to the circles. The consequence is that the volume retained between the square particles can be greater than the volume retained by the circular particles.
Then we compare then the velocity of the DNAPL infiltration into different models of porous media. For each model, calculation is carried out until the drop becomes at rest. We present in Figure 6 (a) the depth of the infiltration (vertical position of the lower face of the drop relatively to the upper surface of the porous medium) according to time for the three models. We find that the velocity of the infiltration of DNAPL decreases when m increases. Figure 6(b) shows the volume of retention of DNAPL in the different models of the porous medium. The parameter r t V V defines the ratio of the volume of DNAPL retained in the medium on the total volume of DNAPL injected. In the case of the particles having the circular form, most of the drop passes through the porous medium. There is only 30% of the volume of the drop retained in the pores. When the shape of the particles tends towards the square form, the volume of DNAPL retained in the pores increases and reaches 64% and 72% respectively for the case m = 2 and the case of the square. 
Conclusions
The analysis of the influence of the shape of the solid particles on the infiltration of the DNAPL is carried out for several forms: circular, square, intermediate form between the circle and the square. This study highlights that as the shape of the particles passes from the circle shape to the square shape, the solid specific surface increases, the velocity of infiltration decreases and the retention of DNAPL increases. This retention is the result of division of the drop. This study has been conducted for the same porosity of the three models of porous media corresponding to three shapes of solid particles. It could be interesting to do a similar study but for the same specific solid surface (i.e. the same available surface of contact) in order to complete the knowledge the relative influence of the shape of the solid particles on the infiltration of DNAPL into porous media.
